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A granular enzyme composition is disclosed, having reduced tendencies to form dust and leave residue, and exhibiting im- 
proved stability and delayed release characteristics. ITie granular composition comprises a core, an enzyme layer and an outer 
coating layer. Hie enzyme layer, and optionally the core and coating layers, contain a vinyl polymer. Also disclosed are methods 
for making such enzyme-containing granules, the methods having greatly reduced processing time. 
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COATED ENZYME CONTAINING GRANULE 
CROSS REFERENCE ID REIAIED APPLrCMTONS : 

Hiis applicjation is a continuation-in-part of US Application Serial Number 
772,510, filed October 7, 1991. 

FIELD OF THE INVENTICaW ! 

Ihis invention relates to irnprovements in or relating to enzyme granules, as 
well as iraproved processes for producing such granules. 

B^CKSROUND OF THE INVENTION ; 

Recently the use of enzynes, especially of microbial origin, has been more 
and more cammon. Enzymes are used in several influstries inclxading, for 
example, the starch iJidustiy, the dairy industry, and the detergent 
industry. It is well kncwn in the detergent industry that the use of 
enzymes, particularly proteolytic enzymes, has created industrial hygiene 
ccaicems for detergent factory worJcers, particularly due to the health risks 
associated with dustiness of the available enzyxnes. 

Since the introduction of enzymes into the detergent business, many 
developments in the granulation and coatir^ of enzymes to reduce enzyme dust 
have been offered by the industry. However^ in today's state of ever- 
increasing environmental concern and hei^tened awareness of industrial 
hygiene, the3ce remains a oontinuing need for lew dust enzyme granules. 
Furthermore^ there are additional characteristics desirable in enzyme 
granules not currently available in taiown granulation products. Some of 
these additional characteristics are related to the need to further 
alleviate industrial hygiene concerns (lower dust granules) while qptimizir^ 
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mc^^r^r- and end-user satisfaction (ojddatively stable aid lew residue 
granules) with the product vMle simultaneously reducing the cost of 
granulation (ijiproved processing tiiie) , thus reducing cost of the oveirall 
enzyme product. 

Principal among these desirable characteristics is the need for delayed 
release of the engine, preferably without having to increase the amount of 
dhlorine scavenger additives currently used in granulation techniques. Ihis 
delayed release has potential benefit, for exatnple, in protecting enzymes 
frcm oxidation or autolytic degradation in washing machlJies until sufficient 
amounts of stabilizing proteins or peptides are released from dirty clothing 
into the wash water. Additional desirable characteristics include low 
residue granule formulations (where low residue is defined as a 3:educed 
tendency to leave noticeable undissolved residues on clothes or other 
material) . Ihis characteristic is desirable to the customer (end-user) of a 
detergent formulation. In addition, iiiproved stability (enhanced shelf 
life) formulatiras are needed in the industry. Acccaiplishing all these 
desired characteristics sijoultaneously vMle maintaining cost containment 
for the granule pcoduction is a particularly challenging task. For exanple, 
maiiy potential polymers to delay the release of the enzyme leave behind 
insoluble residues, which are imiesirable to the user, or such polymers 
cause increased processing time, which causes increased costs. Also, most 
potential granulating cores vftiich are attrition-resistant and, therefore, 
suitable for producing lew dust granules, tend to leave behind insolxible 
residues. 

Iherefore, it is an cibject of the present invention to provide lew dust, low 
residue, delayed release enzyme granules. Biese granules preferably have 
ixraieased stability. It is another object of the present invention to 
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provide processes and enzyme granule ccmpositians which afford the f omation 
of such jjtproved granules in much lower processing time, thus reducing cost 
of the granular product. 

SUMMARY OF THE INVENTIQN ! 

According to the present invention, there are provided iirproved enzyme- 
containing granules such granules comprising: 

a) a core conprising one or more water soluble or dispersible agent (s) 
^diich core material is ciharacterized by leaving a low residue upcn 
dispersion, said core being optionally coated with a vinyl polymer or 
vinyl cqpolymer; 

b) an enzyme layer comprising one or more enzymes and a vinyl polymer or 
ocpolymer; and 

c) an outer coating oorrprising a vinyl polymer or cqpolymer and, 
optionally, a low residue pigment and/or a Ixabricantl 

In a preferred embodiment of the enzyme granule of the present invention, 
the vinyl polymer xaseful in the core, enzyme and outer coating layers is a 
polyvinyl alcohol (PW^). 



In a further preferred embodiment of the present invention, the core 
material is a nojpareil (sugar or salt) which has been coated with a PVA. 
In another erabodijnent of the present invention, the coating on the core may 
conprise additional agents such as a plasticizer. 

The enzyme-containing granules of the present invention may comprise any 
enzyme; however, in a preferred embodiment of the present invention, the 
enzyme is selected from the gxxtap consisting of proteases, amylases, 
lipases, cellulases or mixtures thereof. 
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lii a preferred embodiinent of the present granule, the enzyme layer conprises 
a PVA either alone or in combination with additional agents such as 
plasticizers or anti-agglcroeration agents. 

m yet another embodiment of the present invention; a scavenger layer 

(chlorine scavenger) is present, preferably iinmediately outside of the < 

enzyme layer. 

Ohe enzyner-containing granules of the present invention preferably cortprise 
an outer coating of P7A or mixture of various-PTAs. More preferably, the 
outer coating conprises an integral mixture of FVA, a low residue pigment 
and a lubricant. 

mis invention also cccprises methods for making low dust granules. A 
method embodiioent of the present invention conprises: 

a) selecting a core material viiich is a water soluble or dispersible 
agent coated xd.th a suitable vinyl polymer or copolymer; 

b) coating the core of step a) with one or more enzymes and a suitable 
vinyl polymer or copolymer; and 

c) coating the product of step b). with a suitable vinyl polymer or 
copolymer, alone or in combination with a lew residue pigment or a 
lubricant, or a mixture thereof. 

In a preferred process embodiment of the present invention, -Hie vinyl 
polymer used in step b) or c) of the process is a PVA or mixture of PVAs. 

In a more preferred ernbodimsnt of the present invention, the method 
ccBoprises selecting a core coated with FVk, and including PWA in the enzyme 
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layer and in the outer coating layer. Most preferably, the outer coating 
layer further conprises a lx3bricant such as an ionic or nonionic surfactant. 



BRIEF DESCEUPTION OF THE DRAWINGS ! 

Figure 1 is a cross-sectional diagr a m of an enzyme granule. 

Figure 2 is a cross-sectional diagram of an enzyme granule oonprising 
additional layers. 

Figure 3 is a graph showing dissolution profiles of certain enzyme granules. 

Figure 4 shows dissolution profiles of enzyme granules coroprising various 
ratios of polymer: pigment and polymer :pigment: lubricant. 

DETAILED DESCRIPTICa^ OF TOE INVENTION ; 

Surprisingly, it has been found that the Incorporation of a vinyl polymer or 
copolymer, and preferably polyviryl alccihol, in one or more of the granule 
layers provides a granule having iirproved characteristics such as low dust, 
low residue (vpon dissolution) , delayed enzyme release and iiicreased 
stability. It has also been found that such iirproved granules can be made 
in a mucdi reduced processing time. 

Ihe preferred vinyl polymer useful in the present invention is polyvinyl 
alcctool (P7A) , \Adcii is defined as a homcpolymer or ocpolymer in \*iich vinyl 
acetate is a starting moncaner mit and in v*iic4i most or all (70-100%) of the 
acetate moieties are subsequently hydrolyzed to alcohol moieties. Other 
vii^l polymers which may be useful in the present invention incliide^ but are 
not limited to, polyvinyl acetate and polyvinyl pyrrolidone. Copolymers 
such as PVA-methylmethacrylate copolymer may also be used in the present 
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invention. PVA is cxmBnercially available in a wide range of Molecular 
wei^ts, viscosities and varying degrees of hydrolysis from the polyvinyl 
acetate precursor. Table A sets forth the parameters for categorizing 
based on these various characteristics. 



Degree of 
Viscosityr 

ultra low 

lew 

medium 

hi^ 



TABLE A 

GRM3ES OF PTA OOMMERdALLY AVAIIABLE 



Viscosity 
Cgntitx>ise 

3-5 

5-15 
15-30 
30-70 



Degree of 
Hydrolysis 

partially 

interxnediately 

fully 

soger 



Molecular Weicdit fMW) 
5,000-25,000 
25,000-50,000 
50,000-150,000 
100,000-200,000 



% Hydrolysis 
70-90 
90-98 

98- 99 

99- 100 



Aciy Of the IVAs listed in T&ble A may be used in the present invention. 



Ohe type of P7A lased will depend in part on vMch layer of the granule the 
PVA is being used in, and will also d^)end on vdiat characteristics of the 
granule are to be affected. For exanple, if P7A is used in the core, it is 
preferably partially l^drolyzed P7A and low viscosity (low molecular wei^t) 
becavLse this will result in lower residue i^xan dissolxition of the granule 
such as in a washir^ liquor. Ihe PVA preferred for the enzyne layer is an 
inteaanediately, fully or super hydrolyzed PVA with 1cm to medium viscosity. 
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In ac3ditlcsn, it is oanteirplated that mixtures of FVA may be i2sed in any or 
all layers of the granules of the present invention. 



Cores 

The core particles suitable for xase in the present invention are preferably 
of a hi^y hydratable material, i.e. , a material vftiich is readily 
dispersible or soluble in water. Ohe core material should either disperse 
(fall apart by failure to maintain its integrity v^en hydratad) or 
solubilize by going into a true aqueous solution. Clays (bentonite, 
kaolin) , nonpareils and agglomerated potato starch are considered 
dispersible. Noipareils are spherical particles consisting of a seed 
crystal that has been built onto and rounded into a spherical shape by 
binding layers of powder and solute to the seed crystal in a rotating 
spherical container. Norpareils are typically made from a conibinatian of a 
sugar, such as sucrose, and a pander, such as com starch. Alternate seed 
crystal materials include sodium chloride and other inorganic salts. 

Particles conposed of inorganic salts and/or sugars anc3/or small organic 
molecules may be used as the cores of the present invention. Suitable water 
soluble ingredients for inoorparaticai into cores include: sodim chloride, 
ammonium sulfate, sodium sulfate, urea, citric acid, sucrt>se, lactose and 
the like. Water soluble ingredients can be combined with water dispersible 
ingredients. Cores can be fabricated by a variety of granulation techniques 
including: crystallization, precipitation, pan-coating, fluid-bed coating, 
rotary atoraization, esctrusion, spheronizatian airl hi^-^ear agglomeration. 

The cores of the present invention may further cortprise one or more of the 
following: fillers, plasticizers or fibrous materials. Suitable fillers 
useful in cores of the present invention include inert materials used to add 
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Ixilk aixi reducse cost, or used for the purpose of adjusting the intended 
enrpne activity in the finished granulate. Exaitples of sucii fillers 
include, but are not limited to, vjater soluble agents such as urea, salts, 
sugars and water diapersible agents such as clays, talc, silicates, 
cariDOS^methyl cellulose or starches. 

Suitable plasticizers useful in the cores of the present invention are 
nonvolatile solvents added to a polymer to reduce its glass transition 
tenperature, thereby reducii^ brittleness and enhancing defonnability. (Die 
glass transition tenperature, or Tg, represents the onset of segmental 
mobility for a polymer. ) Typically, plasticizers are low molecular wei^t 
organic ccnpounds and are hi^y specific to the polymer being plasticized. 
Exanples include, but are not limited to, polyols {poli*iydric alcohols, for 
exanple, alcdiols with many hydroxyl radical groups such as glycerol, 
ethylene glycol, propylene glycol or polyethylene glycol) , polar low 
molecular wei^t organic ccaipaunds such as urea, or other known plasticizers 
such as dibutyl or dimethyl phthalate, or water. 

Suitable fibrous materials useful in the cores of the present invention 
include materials viiich have hi^ tensile strength and vhich can be formed 
into fine filaments having a diameter of 1 to 50 microns and a length equal 
to at least four diameters, l^^pical fibrous materials include, but are not 
limited to: cellulose, glass fibers, metal fibers, rubber fibers, azlon 
(manufactured frcm naturally occurring proteins in com, peanuts and aiilk) 
and synthetic polymer fibers. Synthetics inclxide Rayoif* , Nyiotf^ , acrylic, 
polyester, olefin, SaraiP , SpandesP aid Vina3® • Typical cellulose fibers 
would have an average fiber length of 160 microns with a diameter of about 
30 microns. 
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In a graniile eatibcxainient of the ptBsent Invention, the core is a water 
soliable or dispersible norpareil, such as listed above, either coated by or 
built vp from the seed crystal (nonpareil) using PVA either alone or in 
combination with anti-agglomeration agents such as titanium dioxide, talc, 
or plasticizers such as sucrose or polyols. The P7A may be partially 
hydrolyzed intermediately hydrolyzed fully hydrolyzed PVA (all as 
defined above) , or a mixture thereof, with a 1cm to hi^ degree of 
viscosity. Preferably, the noipareil is coated with partially hydrolyzed 
PVA, either alone or in cambination with sucrose or such other plasticizer 
as known in the art. Partially hydrolyzed PVA is preferred because it 
results in a lower ainount of residue vpan dissolution of the granule than 
fully hydrolyzed PVA. The level of PVA in the coating of the noipareil may 
represent from about 0,5% to 20% of the weight of the coated nor^pareil. The 
core of the granules of the present invention, including any coating on such 
core material as described above, prefearably ooirprises between about 40-85% 
by wei^t of the entire coated granule. 

m a process embodiment of the present invention, the core material, which 
may be any material described herein, is charged into the granulator for 
coating with the first layer, i.e. , the enzyme' layer. 

Enzymes 

toy enzyme or combination of enzymes may be xised in the present invention. 
Enzymes are typically coated from relatively impure soluticais or slxxcries, 
in vftiich the active enzyme constitutes only a portion of the total dissolved 
and suspended solids. Other suspended solids present in the fermentation 
broth include other proteins, peptides, carbohydrates, other organic 
molecules and salts. Preferred enzymes include those enzymes capable of 
hydrolyzing substrates, e.g., stains. Ihese enzymes are known as 
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hydrolases, whicli include, but are not limited to, proteases (bac±erial, 
fungal, acid, neutral or alkaline) , aitylases (alpha or beta) , lipases, 
oellulases, and mixtures thereof. Particularly preferred enzymes are 
subtilisins ani cellulases. Most preferred are subtilisins such as 
described in US Patent 4,760,025, EP Patent 130 756 Bl and EP Patent 
Afplication TO 91/06637, vMch are incorporated herein by reference, and 
cellulases or cellulase conponents isolated from Trichodenna reesei such as 
Cellulase 123« and Moltifecfi" L250, ocanmercially available ftxaa Genencor 
liitematianal, or mixtures thereof or those described in oomnanly owned PCT 
AEplication PCT/US91/07269 incorporated herein by reference. 

nie enzyme layer of the present invention contains, in addition to the 
enqrae per se . a viiqrl polymer and preferably P^. This polymer affects the 
release of the enzyme, delaying such release in a desirable fashion \Aiile 
not causii^ undesirable residue which is ccanmon with many delayed release 
agents. In a preferred embodiment of the present invention, the enzyme 
layer ccnprises intermediately, fully or siper l^drolyzed PVA of low to 
medium viscosity. More preferably the PVA is fully hydrolyzed with a lau 
degree of viscosity. Rally Iqndrolyzed PVA, at a level of about 0.25% to 3% 
of the granule wei^t, provides the desirable characteristic of delayed 
release of the enzyme to prevent immediate inactivation of the enzyme by 
residual wash water chlorine or to prevent inactivation by autolysis before 
the irelease of stain peptides into the wash. 

It is surprising that fully hydrolyzed P7A, vMch has reduced water 
solubility ani thus meets the delayed release criteria of the present 
invention, simultaneously contributes to reduction in the tendency of the 
granule to form dust and meets the lew residue criterion of the present 
invention. Diis is apparently due to the la/ levels of fully hydrolyzed EVA 

io 
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vised herein, vftildi is an effective aniount for delayingf release, but a Ic^ 
encfugh level to prevent residue problems. 



The enzyme layer may also further cortprise plasticizers and anti- 
agglcaneration agents. Suitable plasticizers useful in the present invention 
incliode polyols sudi as sugars, sugar alcohols or polyethylene glycols 
(EElGs) having a molecular wei^t less than 1000, ureas or other Joiown 
plasticizers such as dibutyl or dimethyl phthalate, or water- Suitable 
anti-agglomeration agents include fine insoluble material such as talc, TiOs, 
clays and amorphous silica. 

The enzyme layer of the present invention, including any nonenzyme solids 
and PVA therein, corrprises between about 5%-70% by weight of the coated 
granule. 

Coating layers 

Ihe granules of the present invention may cortprise one or more coating 
layers. For exairple, such coating layers may be one or more intermediate 
coating layers, or such coating layers may be one or more outside coating 
layers, or a combination thereof. Coating layers may serve any of a number 
of functions in a granule corrposition, depending on the end xase of the 
enzyme granule. For exaitple, coatings may render the enzyme resistant to 
OKidation by bleach, or coating layers may bring about the desirable rate of 
dissolution rpon introduction of the granule into an aqueous mediimi, or 
provide a barrier against ambient moisture in order to enhance the storage 
stability of the enzyme and reduce the possibility of microbial growth 
within the granule. 
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in an entoodinent of the present invention, the outer cxsatlng layer ocoprises 
a viiyl polymer or cqpolymer, preferably PVA, and optionally a low residue 
pigment or other excipients such as lubricants. Such excipients are known 
to those skilled in the art. Furthemore, coating agents may be used in 
conjunction with other active agents of the same or different categories. 

suitable PVas for incorporation in the coating layer (s) of the granule 
dudude partially hydrolyzed, fully hydrolyzed and intermediately hydrolyzed 
PWas having low to hi^ degrees of viscosity. Preferably, the outer coating 
layer cotnprises partially hydrolyzed P«A having low viscosity. Other vinyl 
polymers ^diich may be useful include polyvinyl acetate and polyvinyl 
pyrcolidone. Useful copolymers include, for example, PTA-methylmsthacrylate 
ocpolymer. 

Ihe coating layers of the present invention may further ocsnprise one or more 
of the folloMii^: plasticizers, pigments, lubricants such as surfactants or 
antistatic agents and, optionally, additional enzymes. Suitable 
plasticizers useful in the coating layers of the present Invention are 
plasticizers including, for exanple, polyols sudi as sugars, sugar alcohols 
or polyetl^l^ glycols (EEGs) having a molecular weight less than 1000, 
ureas or other known plasticizers such as ditoutyl or dimethyl phthalate, or 
water. Suitable pigments \iseful in the coating layers of the present 
invention include, but are not limited to, finely divided v«iiteners such as 
titanium dioxide or calcium carbonate, or colored pigments, car a ocnnbination 
thereof. Preferably such pigments are low residue pigments upon 
dissolvEtion. 



As vised herein "lubricants" mean any agent vftiich reduces surface friction, 
Ivibricates the surface of the granule, decreases static electricity, or 
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reduces friability of the granules. Lubricants can also play a related role 
in iaproving the coating process, by reducing the tackiness of binders in 
the coating. Thus, lubricants can serve as anti-agglomeration agents and 
wetting agents • 

In a preferred etnbodiinent of the present invention, from both a granule and 
processing perspective, the outer coating layer coitprises a lubricant. Ihe 
lubricant reduces attritional dust even further than a PVA coatijig alone, 
dramatically decreases processing time and clLso iroproves solubility of the 
granule. It is contenplated that the lubricant added to the outer coating 
may conprise or replace at least about 30% of the polymer or pigment used in 
the coating. In a more preferred enabodiroent, the lijbricant is added to the 
granule as an integral mixture of pignent/polyrnsr/lubricant. As used 
herein, "integral mixture" means a layer resulting from coating well mixed 
solutions of the conponents (pigment/polymer/lubricant) as opposed to the 
separate addition (layered addition) of eadh component. As \ised herein, 
"•pigment" means low residue pigment, such as titanium dioxide, ar>d "polymer" 
means a vinyl polymer or ccpolymer, as defined herein, and preferably PTA or 
a ocpolymer thereof. 

Suitable l\±>ricating agents include, but are not limited to, surfactants 
(ionic, nonionic or anionic) , fatty acids, antistatic agents and antidust 
agents. Preferably the lubricant is a surfactant and most preferably is an 
alcohol-based surfactant such as a linear, primary alodhol of a 9 to 15 
carbon atom chain length alkane or alkene or an ethoxylate or ethoxysulfate 
derivative thereof. Such surfactants are commercially available as the 
Neodol^ product line from Shell International Petroleum Oonnpany. Other 
suitable lubricants include, but are not limited to, antistatic agents such 
as StatioGuardM , Dcwnei^* , Triton XlOO or 120 and the like, antidust agents 
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such as TefLcxP aid the like, or other lubricants known to those skilled in 

the art. 

Die outer coating layer of the present invention preferably «Hiprises 
between about 1-20% by wei^t of the coated granule. 



other Miunct Inaredients 
Adjunct ingredients may be added to the enzyite granules of the present 
inventicai. Mjunct ingredients may include: metallic salts, solubilizers, 
activators, antioxidants, dyes, inhibitors, binders, firagrances, enzyme 
protecting agents/scavengers such as ammonium sulfate, ammonium citrate, 
urea, guanidme hydrochloride, guanidine carbonate, guanidine sulfonate, 
thiourea dioxide, monethyanolamine, diethanolamine, triethanolamixie, amino 
acids such as glycine, sodium glutamate and the like, proteins such as 
bovine senm albumin, casein and the like, etc. , surfactants, including 
anionic surfactants, aii?4iolytic surfactants, ncnionic surfactants, cationic 
surfactants and long-chain fatty acid salts, builders, al3calis or inorganic 
electrolytes, bleaching agents, bluing agents and fluorescent <tyes, and 
caking inhibitors. Ihese surfactants are all described in ccmraonly assigned 
per i^lication PCr/US92/00384, vhich is incorporated herein by reference. 

A preferred einbodiment of the present inventicn conprises a scavenger layer 
occprising a chlorine scavenger such as ammoniiM sulfate. This scavenger 
layer preferably conprises between about 5%-30% by wei^it of the coated 
enzyme granule. This scavenger layer is preferably located between the 
enzyoae layer and the outer coating, althou^ it may be present els0n*iere in 
the granule. 
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!Ihe granules descarilsecl herein may be made by methods IcnoMn to those skilled 

in the art of enzyme granulation, including fluidized bed spray-ooating, 

pan-coating and other techniques for building up a granule by adding 

consecutive layers on top of a starting core material. 

Ohe following exaitples are representative and not intended to be limiting. 
One skilled in the art could choose other enzymes, cores, particles, methods 
and coating agents based on the teachings herein. 

Example 1 

A batch of PVVsucrose coated nonpareils was produced by coating a 
PVVsucrose solution onto a standard batch of nonpareils. 100 pounds of 
-25/+40 mesh sucrose/starch noipaireils were charged into a 200 lb capacity 
coating pan rotating at 45 rpm and heated to a bed tenperature of 150 to 
170'F. A coatiiig sol\xtion was pr^ared by misdng 112 lbs of an 18% w/w 
solution of partially hydrolyzed PVA with lew viscosity (Airvol 705S, 
commercially available from Air Products, Inc. ) with 144 lbs of a 67% 
sucrose solution. A total of 38,4 lbs of this unheated mixture were punped 
onto the xmcoated nonpareils over a period of twelve hours, providing a 
coating ocfftposed of 2.6% w/w P7A and 12.4% w/w sucrose, on the basis of the 
final product wei^t. Biis material was screened to -20/+45 mesh, yielding 
101 lbs of xosable product and 15 lbs of scrap. A 20 minute Heubach 
attrition test on 13.5 itigs of coated nonpareil cores (prior to enzyme 
application) resulted in a total dust reading of 4.2 ng. 

In a Glatt GPOG-5 flxiidized bed spray-coater, 6300 grams of PVVsucrose 
coated nonpareil cores were charged and fluidized to a bed tenperature of 
44 'C. 11.62 kg of protease viltrafiltration concentrate produced from l^, 
subtilis . at a conoentration of 5.27% w/w protease and 25.7% w/w total 
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solids (such that protease represented 20.5% of total feed concentrate 
solids), were mixed vdth a 1.53 kg solution of a 10% w/w fully hydrolyzed 
PTA vjith low viscosity (Elvanol 90-50, oominercially available fran E.I. du 
Rjnt de Nemours and Co., liic.) , and 153 grains of amorihaus silica (Zeothix 
265, cammercially available from J.M. Huber Corporation) . The enzyme 
concentrate contaiiied 0.25% sorbitol and 0.5% sodium benzoate as foraulation 
chemicals. This enzyme/PWA mixture was then sprayed onto the fluidized 
cores at a starting rate of 40 g/iuin, ramping to 110 g/min over a three 
hour period, resulting in a wei^t gain of 3.28 ]<g. The bed temperature was 
gradually reduced from 46 to 37'C, and the inlet temperature was held at 
about 57 to 60 'C over the course of the feed ranip. Atomization air pressure 
was held at 4.0 bar. 

After enzyme appUcation, 7.65 kg of a 40% w/W solution of ammonium sulfate 
was sprayed onto the granules, at similar conditions to enzyme application, 
but at an atomization pressure of 3.5 bar. Ihis added another 3.05 kg to 
the wei^t of granules. Die mass balance of the solids wei^t gain for 
these two steps was 99.8%. Finally, a protective coating solution was 
applied, by suspending 765 grams of titanium dioxide in 1.147 kg water, 
then adding 5.10 kg of a 15% partially hydrolyzed EVA with low viscosity 
(Elvanol 51-05) stock solution, to provide 6.95 kg of a su^jension with net 
11% w/w P7A and 11% w/w TiOj^ concentrations. The coating suspension was 
sprayed onto the ammonium sulfate coated granule at rates of 50-80 q/mn, an 
inlet tenperature of 63 to 67°C, an outlet tenperature of 45 to 49'C, and an 
atonization air pressure of 4.0 bar. The final product was harvested at 
13.285 kg, rsjoesenting a 78% mass balance for the final coating step, and 
an overall 89% mass balance for all spray-coating steps, m terms of 
percent wei^t gain, the enzyme layer represented a 52% wei^t gain over the 
starting core, and the combined three layers represented a 119% wei^t gain 
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Rxduct was screened through a 20 mesh screen to remove any 



Example 2 

Two separate lots of an identical enzyme granule formulation vpere nade in a 
Glatt Ifiiiglatt laboratory flxiidized bed ^ray-coater. Processes for the two 
lots were virtually identical, so only the second run is described. Hie 
starting material was made by ciiarging 595 grams of -20/+50 mesh PVA coated 
nonpareils into the fluidized bed. Ihese cores were coated by a process 
similar to that described in Exanple 1, exc^ that the coating solution 
consisted of an 18% PVA solution (Airvol 705S) without any sucrose added, 
ard the PVA soliition was sprayed onto sucrose/starch noipareils until the 
applied PVA coating represented 18% of the wei^t of the final coated 
norpareil mass. (The 18% F^*-coated nonpareils registered 21.0 mg total 
dust in a Heubach attrition test prior to addition of enzyme. } A 436 gram 
saitple of protease concentrate at a 54 g/kg enzyme concentration and 26.1% 
total solids concentration was mixied with 94 grains of a 10% PVA (Elvanol 90- 
50) solution. (Hius, the enzyme r^resented 20.7% of the total solids in 
the feed. } The mixture was spray-coated onto the fluidized cores at a rate 
of 7 g/^nin in the Xftiiglatt, with inlet and outlet tarperatures of 55*C and 
45**C; respectively, and an atomization air pressure of 4.0 bar. 

Once the enzyme was applied, 588 grams of a 40% ammonium sulfate solution 
and 539 grams of a suspension containing 11% PVA (Elvanol 51-05) and 11% TiOt^ 
were applied under similau: process conditions, with coating rates of 17 
g/min and 7 g/min, respectively. Ihe final product weired 1023 grams, 
prior to sieving, a 90% yield on overall solids gain. Ihis represents a net 
wei^t gain over the core wei^t of about 18% for the enzyme layer and about 
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72% overaU. Product was sieved between 20 and 50 mesh screens to remove 
agglcBierates and fines. 

Example l and Lot 2 of Exairple 2 were subjec±ed to several tests and 
catnpared with a oonparable oaninercial product, Savinase 6.or (available from 
Novo-Nordisk Industri A/S) . In a Heubacii attrition test, using a fill 
volume of about 17 oc in a 20 minute test time with an airflcw rata of 20 
liters per minute desiccated air, the following conparative dust levels were 
obtained: 



Tv^jqi diigt (-m) Enzvme dust (a a) 

Savinase 5.7 24 

Example 1 0.6 7 

Exanple 2, Lot 2 0.6 4 



m a test for potential residue left by enzyme granules after a standard 
wash cycle at 60"F, Savinase 6.or left a fine vMte residue on the cloth, 
indicating the presence of scare insolubles. Exaicples 1 and 2 left 
equivalent or lower levels of residue than Savinase 6.OT. 

Dissolution profiles indicating rates of enzyme release lander realistic 
detergent conditions are shown in Figure 3 for both lots of Example 2. 
Ihese profiles were generated in a dissolution tester with detergent present 
at 120"F, 10 grains per gallon hardness and a fixed medium stir rate. 
Activities were measured xising a synthetic substrate rate assay. Even at 
toese hi^ tenperatures, it can be seen that the rate of enzyme release is 
delayed. Diis can be an advantage in that it allows time for scavenging of 
residue wash water chlorine by the amraomum sulfate in the granule and 
protein materials released from the clothing. The delay also protects the 
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enzyme agaJjist hl^ tenperature autolysis until released proteins and 

peptides are available to inhibit autolysis via peptide irihibition. 



Exainole 3 

A granulated cellulase for textile applications was produced in a Ibiiglatt 
spray-ooater. 842 grains of -30/+50 mesh regular sucrose/starch nQr?>areils 
were charged into the coater and fluidized at a bed tenperature of 42 to 
48*0. A 321 gram solution of cellulase ultrafiltration concentrate from T> 
reesei , containing 6% w/w protein and 21% w/w total solids, was mixed with a 
235 gram solution of 10% fully hydrolyzed PVA (Airvol 107) . This mixture 
was sprayed onto the fluidized norpareils at a rate of about 9 g/min, 
resulting in a wei^t gain of 88 grams, or about 10.5% w/w. Over the 
enzyme/PVA layer, 275 grams of a coating suspension containing 12.7% FWA 
(Airvol 205) and 12.7% TiOt^ was sprayed on, bringing the total granule wei^t 
to 1000 grams, a total wei^t gain of 18.8%. Of the final granule, 6.0% w/w 
was cellialase protein. 

In coirparison with a coatpetitive product, Denimax Acid T (oommercially 
available from Novo-Ncxcdisk incJustri A/S) , Exanple 3 had identical total 
Heubacti dust, 25 mg in both cases. Bie polyvinyl alcohol binder and coating 
provided the granule of Exaitple 3 with si?)erior stability of the cellulase 
activity at hi^ tenperature and hi^ humidity. 

The cellulase granules produced in this exaitple were evalmted for storage 
stability in oonparison with a ccanmercial product, Denimax Acid T (Novo- 
Nordisk Industri A/S) • The amount of residual activity measured after 
storage for ei^t days at 37 *C, at low and hic^i relative humidity was as 
follows: 
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Belative Humidity (R.H.) 
Eesidual Activity Residual Activity 
at Q% R.H. at 60% R.H. 

Exanple 3 117 ^ 

Denimax Acid T 102 26 



Thus, the use of polyvinyl alodiol in the enzyme layer, and especially in 
the outer coating, confers excellent protection against the destabilizing 
effects of hi^ tenoperature in combination with hi^ humidity. 

Example 4 

A granulated detergent lipase was produced in the Uniglatt spray-coater. 
456 grams of the EVA/sucrose coated nonpareils described in Exanple 1 were 
charged into the reactor. 1.882 liters of a lipase ultrafiltration 
concentrate containing 10 g/L enzyme and 16.5% w/w total solids was sprayed 
onto the cores without admixed PVA. Inlet and outlet temperatures averaged 
60 and 45*'C, respectively, allowing a coating rate of about 8 g/min at 4 bar 
atcanization. A 432 gram suspension of 11% w/w P7A (Elvanol 51-05) and 11% 
w/w TiO^ was sprayed onto the lipase coated cores. Ihe lipase application 
added 307 grams to the cores, a 67% wei^t gain. The final product wei^t 
was 808 grains, prior to screening, a net 77% wei^t gain. A Heubadi 
attrition test yielded a total dust level of 0.8 mg; no measurement of 
active lipase dust content was available. 



Example 5 

A granulated detergent protease was produced in a Glatt f luidized bed spray- 
coater substantially as described in Examples 1 and 2; however, the outer 
coating formulation applied to the granulation product was an integral 
mixture of TiOg/PVVNeodoP in quantities provided belcw: 
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Dry Weight 





kq 


Solution % 


On Granule 




47.5 


11.0 


5 


PVA (51-05) 


38.0 


8.8 


4 


NeodoP 


9.5 


2.2 


1 


Water 


337.0 


78.0 


0 




432.0 


100.0 





The TiOz/PVVNeodo]® coating mixture; described above, was applied to 684 . l<g 
of uncoated product at a 10% level to yield 760 kg of final product. The 
coating was applied at a maxiinum spray rate of about 1.6 kg/min. 

Die overall coating time for application of this coating mixture was 
measured and coirpared to the oveirall coating time for previous exaitples 
(particularly Exaitple 1) where a 50-50% mixture of PVA/TiOg and 0% Neodo]® 
were lased. Sudi conoparison showed that coating time was reduced by about 
50% v4ien a surfactant was incorporated in the coating mixture as coirpared to 
coating time for a pigment/polymer layer only. 

Bie total dust for the product of Exaitple 5 was 0.6 mg/13.5 g of product, as 
measured by the Heubach dust assay referred to in Exaitple 2. Product wash 
performance and solubility were siiriilar to Exanples 1 and 2. 

Example 6 

Following procedures substantially as described in Exanples 1-3, three 
granulated cellulase and protease containing products were produced in a 
Uniglatt spray-coater. 
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The three experimental lots conprised the follcwing ocsnpositions, coated on 
nonpareil core materials: 



EXD. # 


Active 
Oellulase 

f%) 


Active 
Protease 


Surfactant 
fwt %) 


Pigrt/Polym 
fwt %) 


A 


6.5 


0.56 


4.49 


3.67 


B 


6.5 


0.52 


0 


3.14 


C 


6.5 


0.59 


* 


6.11* 



* Surfactant suspended in polymer coating; therefore, total polymer and 
surfactant shown in Pigment/Polymer coltnnn 

In Z35)eriment A, the non-enzyme coating conprised individual applications of 
pigment/polymer, TiOa/PVA (Elvanol 51-05) , and surfactant (Triton X120) . 
E555erin[ient B utilized no surfactant, only a pigment/polymer coating of 
TiQa/PVA (Elvanol 51-05) . In Experiment C, the non-enzyme coating conprised 
surfactant suspended in the polymer; thus, the coating in this e5?)eriment 
was Triton X120/Elvanol 51-05. 

Die three experimental lots (A, B and C) were tested for total dust level in 
the Heubacsh test referred to in Exaiiple 2. Hie following ccarparative dust 
levels were obtained: 



Exp # Average dust fmcr)/13.5 g 
A 42.5 
B 255.0 
C 4.2 



Diese results show that the distinct surfactant layer of Ej^jeriment A seems 
to lower dust; however, a more dramatic effect of lowering dust is evidenced 
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when the surfacrtant is suspended in the PVA forming an integral mixture (see 

£>cperiinent C) • 



In addition to lowering dust levels, it was observed that the addition of 
the surfactant as an integral mixture of the FVA coating layer, enhanced 
feed rate; thus, reducing the total processing time, as conpared to feed 
rate for normal pigment/polymer coatiiigs (without surfactant) . 

Granules znade as described herein have inp r o v ed dust characteristics vdien 
coirpared to other granules known in the art. These inproved dust 
characteristics are achieved vdiile other desirable dharacteristics of the 
granules, such as solubility, stability, delayed release and low residue, 
are maintained or iirproved. In addition, in certain eatibodiments of the 
present invention (i.e. , Exaitple 5) , feed rate may be enhanced with 
resultii>g reduction in coating time without adversely af fectiiig the 
desirable characteristics of the claimed granules. Ihus, cost may be 
reduced vftiile enhancing product characteristics. 
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vimrv T5 CTAIMED IS ! 

1. An enzyme-containiiig granule carprising: 

a) a core cxmprisii^ a water soluble or dispersible material coated 
with a vin^rl polymer or oqpolymer; 

b) an enzyme layer conprising one or more enzyme and a viiQrl polymer 
or a ccpolymer; and 

c) an outer coating layer conprising a vinyl polymer or copolymer. 



2. A granule of Claim 1 x^erein the viixyl polymer useful in steps a) , b) 
and c) is a polyvinyl alcciiol or a oqpolymer thereof. 

3. A granule of Claim 1 vftierein the copolymer useful in steps a) , b) or c) 
is polyvinyl alcdhol-methylmethacrylate copolymer. 

4. A granule of Claim 2 wherein the polyvinyl alcohol useful in the core 
is selected from the group consisting of: partially hydrolyzed, 
intermediately hydrolyzed, or fully hydrolyzed polyvinyl alcohol having 
low to hi^ viscosity, or a mixture thereof • 

5. A granule of Claim 4 viierein the polyvinyl alcohol is partially 
hydrolyzed* 

6. A granule of Claim 2 wherein the core corrprises a nonpareil. 

7. A granule of Claim 6 wherein said nonpareil is coated or built lap with 
a polyvii^l alcohol selected fcom the group consisting of: partially 
Iq^lyzed, intermediately l^^drolyzed, or fully hydrolyzed polyvinyl 
alociiol having low to hi^ viscosity, or a mixture thereof. 
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8. A granule of ca.aim 7 vftierein said nonpareil is ooated with partially 

hydrolyzed polyviit/l alcohol having low viscosity. 



9. A granule of Claim 2 vAierein the core further conprises a plasticizer. 

10. A granule of Claim 2 vdierein the enzyme layer conprises one or more 
enzymes selected from the group consisting of protease, amylase, 
lipase, cellulase and mixtures thereof. 

11. A granule of Claim 10 vAierein the enzyme is a protease. 

12. A granule of Claim 11 vdierein the protease is a subtilisin. 

13. A granule of Claim 10 vdierein the enzyme is a cellulase or a cortponent 
thereof. 

14. A granule of Claim 10 vAiefein the enzyme is a lipase. 

15. A granule of Claim 10 ^Aierein the enzyme is a mixture of protease and 
cellulase. 

16. A granule of Claim 2 vdierein the polyvinyl alcohol useful in the enzyme 
layer is selected from the groi?> consisting of: fully hydrolyzed, 
partially hydrolyzed or intermediately hydrolyzed polyvinyl alcohol 
having low to hi^ viscosity, or a mixture thereof. 

17. A granule of Claim 16 vflierein the polyvinyl alcohol is fully hydrolyzed 
polyvinyl alcohol having low viscosity. 
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18. A granule of Claim 16 wherein the polyvinyl alcohol is intermediately 
hydrolyzed having low viscosity- 

19. A granule of Claim 2 idieirein the enzyme layer ftirther ocaiprises: 

a) a plasticizer; or 

b) an anti-agglcaneration agent. 



20. A granule of Claim 2 herein the outer coating layer (c) conprises a 
polyvinyl alcohol selected from the group consisting of: partially 
hydrolyzed or intermediately l^drolyzed polyvinyl alcohol having low to 
hi^ viscosity* 

21- A granule of Claim 20 viierein the polyvinyl alcohol is partially 
hydrolyzed IVA havir^ low viscosity. 

22. A granule of Claim 2 viierein the outer coating layer (c) further 
coBiprises a low residue pigment. 

23. A granule of Claim 2 wherein the pigment is titanim dioxide. 

24. A granule of Claim 2 viierein the outer coating layer (c) further 
ccHiprises a lubricant. 

25. A granule of Claim 24 vJierein the lubricant is a nonionic or anionic 
surfactant. 

26. A granule of Claim 25 wherein the surfactant is a linear primary 
alcdiol of a 9-15 carbon atom chain length alkane or allcene or an 
ethoxi^late or ethoxysulfate derivative thereof. 
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27. A granule of Claim 2 further cxatprising a scavenger layer. 



28. A granule of Claim 27 wherein the scavenger layer conprises airanonium 
sulfate. 

29. An enzyine--containing granule cocprising: 

a) a noipareil core; 

b) an enzyme layer catprising one or more enzymes and fully hydrolyzed 
polyvinyl alcohol having low viscosity; and 

c) an outer coating layer coitprising a partially hydrolyzed polyvinyl 
alcohol having low viscosity. 

30. A granule of Claim 29 further corcprising a low residue pigment in the 
outer coating. 

31. A granule of Claim 30 further conprising a lubricant in the outer 
coating. 

32. A granule of Claim 31 \Aierein the liibricant is a nonionic or ionic 
surfactant. 

33. A granule of Claim 32 vtoerein the surfactant is a linear primary 
alcohol of 9-15 carbon atom chain length alkane or aUcene or an 
ethQ5cylate or ethocysulfate derivative thereof. 

34. A granule of Claim 29 further conprising a scavenger layer. 
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35. An enzyine-coiitainirig granule canprising; 

a) a noipareil core coated with partially hydrolyzed polyvinyl alcchol 
having low viscosity; 

b) an enzyme layer oottprising one or inore enzymes and a fully 
hydrolyzed polyviryl alcohol having lew viscosity; and 

c) an outer coating layer conprising a partially hydrolyzed polyvinyl 
alcchol having a low viscosity, a low residue pigment and a linear 
prunary alcchol of 9-15 carbon atom chain length alkane or alkene, 
or an ethoxylate or ethosq^sulfata derivative thereof. 

36. A granule of Claim 35 further conprising a scavenger layer. 

37. A granule of Claim 35 herein the noi?>areil core is further coated with 
a plasticizer. 

38. A granule of Claim 35 wherein the enzyme layer further ccnprises: 

a) a plasticizer; or 

b) an anti-agglomeration agent. 

39. A granule of Claim 35 v^ierein the enzyme layer conprlses one or more 
enzyme selected from the group consisting of protease, aitylase, lipase, 
cellulase, or a mixture thereof. 



40. An enzyme-containing granule ccarprising: 

a) a core conprising a water soluble or dispersible agent coated with 
a polyvinyl alcohol or polyvinyl alcohol copolymer; 

b) an enzyme layer conprising one or more enzyme; and 

c) an outer coating layer conprising a polyvinyl alcohol. 
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41. A method for making an enzyme-containing granule, said method 

ooitprising: 

a) selecting a suitable core material; 

b) coating the core of step a) with an enzyme layer coicprising one or 
more enzymes and a suitable vinyl polymer or ocpolymer; 

c) coating the product of step b) with a suitable vinyl polymer or 
vinyl copolymer, alone or in combination with one or more pigment, 
lubricant, or a mixture thereof. 

42. A method of Claim 41 conprising: 

a) selecting a nonpareil core coated with a polyvinyl alcohol selected 
firm the group consisting of fully hydrolyzed, partially hydrolyzed 
or intermediately hydrolyzed polyvinyl alcohol having low to hi^ 
viscosity, or a mixture thereof; 

b) coating the core of step a) with one or more enzymes and a 
polyvinyl alcohol selected from the group consisting of fully 
hydrolyzed, pa2±ially hydrolyzed or intermediately hydrolyzed 
polyvinyl alcohol having low to high viscosity, or a mixture 
thereof; and 

c) coating the product of step b) with an integral mixture conprising 
a polyvinyl alcohol selected from the grotp consisting of fully 
hydrolyzed, partially hydrolyzed or intermediately hydrolyzed 
polyvinyl alochol having low to hicpi viscosity, or a mixture 
thereof, a low residue pigment and a lubricant. 

43 . A method of Claim 42 wherein the lubricant of step c) is a nonionic or 
icaiic surfactant. 



29 



•wo 93/07263 PCr/US92/08525 

44. A inethod of Claijn 43 wherein the surfactant is a linear, primary 
alcohol of 9-15 carbon atom chain length alkane or altene, or an 
ethojQrlate or ethoxysulfate derivative thereof. 

45. A inethod of Claim 41 further cornprising coating the product of step b) 
with a suitable chlorine scavenger prior to coating said product with 
the suitable viits^l politer or copolyiner. 
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